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Morocco is interested in developing a reciprocal
free trade agreement with the European Commu-
nity (EC), although it already enjoys free access
to EC markets in industrial products and is not
obligated to give EC exporters reciprocal access.
But Moroccan agricultural exports are impeded
by agricultural protection in the European
Community.

A free trade agreement would require that
Morocco lower . s moderately high tariffs
against its most important trading partner. Tariff
reductions against the European Community but
not against the rest of the world may provide
benefits provided the trade diversion costs of
preferential tariff reduction do not dominate.

Rutherford, Rutstrm, and Tarr apply a 39
sector general equilibrium model of the Moroc-
can economy which includes the sectors most
likely to be affected by such an agreement. They
investigate the economic effects of the prospec-
tive free trade agreement as well as five other
trade liberalization scenarios for Morocco.
Among their most important findings:

+ The welfare benefits to Morocco from a free
trade agreement with the European Community
would be about 1.5 percent of GDP. Such
substantial welfare gains partly reflect the
benefits of reducing dispersion in the tariff

regime.

« Welfare benefits of about 2.5 percent of
GDP would accrue from liberalizing trade with

the rest of ihe world — with only slightly higher -
adjustment costs. Liberalizing trade with the
world would provide great:r benefits because it
would eliminate the tracde diversion costs associ-
ated with discriminatory trade liberalization.
(Although the fact that significant benefits would
accrue from discriminatory liberalization against
imports from either the European Community or
the rest of the world indicates that trade diver-
sion is not dominant.)

« As aresult of improved access to the
European Community, employmcnt and output
in the vegetable and citrus fruit sectors would
expand. But the phosphate sector stands to gain
most from the free trade agreement because
liberalization would induce a depreciation in the
real exchange rate.

» Morocco’s cereal, meat, dairy, and sugar
sectors would lose most in terms of employment,
because of significantly lower import prices from
the European Community. The nontraded goods
sector would also contract slightly.

« The value-added tax would have to be
increased to compensate for the loss in tariff
revenues, on which Morocco depends.

Estimates are provided as ranges, with
probability assessments, because of the element
of uncertainty.
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1. INTRODUCTION

Since 1986 Morocco has shown an interest in developing a clcser trade
association with the European Community (EC). This interest culminated in March
1992 with concretes discussions for a reciprocal Free Trade Agresment with the
EC. To some the Moroccan interest may be surprising, since Morocco already enjoys
privileged relations with the EC. It has frea access to markets in industrial
products (there are some minor e9xceptions such as trousers and canned sardines),
"and is not obligated to provide reciprocal access to its market to producers of
the EC. However, EC agricultural protection impedes Moroccan exports (notably in
the areas of vegetables and citrus fruits), so that improved access to EC markets
is an important issue. Moreover, the reciprocal obligations of a Free Trade
Agreement (FTA) with the EC will require that Morocco lower its moderately high
tariffs against its most important trade partner. These tariff reductions against
the EC méy provide additional trade liberalization benefits to Morocco, provided
the trade diversion costs of preferential tariff reduction do not dominate.

This paper reports on an applied general equilibrium modelling exercise
that investigstes the economic elfects of the Moroccan proposal. Given the
questions of improved market access of Moroccan fruits and vegetables aand of
trade diversion and trade creation (which arises in any preferential trade area),
we decompose the effects on the Moroccan economy from this proposal into the
following six policy scenarios: a) improved access for Moroccan fruits and
vegetables in the EC ("ACCESS"); b) unilateral tariff reductions in Morocco
against the EC alone ("ECLIB"), against imports from the rest of the world alone
("LIBROW"), and against all trading partners ("LIBALL"), without improved access
to EC agricultural markets; c¢) cooperative tariff reductions with the EC, where
on the EC side this implies extended market access for Moroccan fruit and
vegetables ("FTA"); and d) full free trade agreement with the EC augmented by
unilateral liberalization of tariffs against rest of world imports ("FTAALL").

Our analysis provides a quantitative indication of the income gain to Morocco of

these strategies.



Among our most important results, we find that the welfare benefits to
Morocco from the free trade agreement are about 1.5 of percent GDP, and are about
2.5 percent of GDP if Morocco adds trade liberalization with the rest of the
world to the free trade agreement. These welfare gains are quite substantial in
the contert of other model estimatas with constant returns to acale such as ours,
and partly reflect benefits from eliminating dispersion in the tariff regime,
since dispersion is eliminated in the process of liberalization. The larger
welfare gains from Morocco adding elimination of protection against the rest of
the world to a free trade agreement with the EC, reflacts the trade diversion
.costs associated with discriminatory trade liberalizaticn. On the other hand, the
significant benefits that accrue from discriminatory 1liberalization agai:at
either EC or rest of world imports indicates that trade diversion is not
dominant.

One interesting conclusion is that broader trade liberalization yields
greater welfare gain than the FTA, but with only slightly higher adjustment
costs. This can be seen as an important argument in favor of the efforts towards
lowering tariffs against non-EC sources subsequent to achieving a FTA.

We evaluate the overall welfare effects on the Moroccan economy from the
above scenarios, as well as the sectoral impacts. The sectoral impacts are
particularly important given the emphasis that has been placed in Morocco on
diversification of production and exports, ..8 well as concern over the costs of
adjustment. The model provides a quantitative indication of the extent of output
(not reported) and employment (report. -1 below) adju.tment that will be required
by industry. We find that although citrus fruits and vegetables expand as
expected from their improved access to tha EC market from the FTA, by far the
sector that gains the most from the trade liberalization scenarios is the
phosphate sgector. Phosphate exports expand significantly after the FTA or other
trade liberalization scenarios due to the depreciation of the real exchange rat2
induced by the liberalization. Conversaly, non-traded goo&s sectors slightly
contract after the FTA or other liberalizing scenarios. The largest losers »f

employment, however, are the cereals, meat and dairy and sugar sectors. These



léctors face significantly lower import prices after trade liberalization.
Estiﬁates are pchLded wiéhin & range (with probability assessments over the
range), as there is an element of uncertainty in the estimates which we also
quantify.

Given the importance of the tariff as an ingtrument of revenue generation
in Morocco, we exploit the ability of a "simulation laboratory" to control for
this effect by adopting the value added tax (VAT) as an explicit replacement tax
guch that government revenue rem: ‘ne constant. The VAT induces distortion costs
(marginal excess burden). We indicate the extent the VAT would have to be changed
.in order to avoid a reduction in government revenue. The w~rginal excess burden
of raising government revenue from the VAT is incorporated in the analysis.

The model we use is a 39 sector computable general equilibrium model of the
Moroccan economy. This level of disaggregation captures most of the important
sectors of the Moroccan economy that would be affected by the Free Trade
Agreement. In particular, citrus fruits, vegetables, cereals, sugar and meat and
dairy products, textiles, apparel, fishing and phosphatas are included as
separate sectors. The model that we use in deliberately very simple, to
facilitate the confrontation of policy-makers’ intuition with easily interpreted
simulations. The model assumes no terms-of-trade effects, a single household, no
capital accumulation, and constant roturns to scale production with competitive
pricing. Ian addition, the model is a "comparative statics” mcdel which ignores
the costs of adjustment of £factors. Consequently, the benafits of the
integration-liberalization scenarios will be lese than our estimates to the

extent of costs of adjustment.

2., A SNALL OPEN ECONOMY NODEL
2.1 Trade Protection in Morocco and the Free Trade Agreement Shocks
Structure of Protection.
Since 1983 Morocc- has dramatically liberalized its foreign trade regime.
In 1983 import licenses were required in all sectors, tariff rates were high and

dispersed (some over 10"% in au. .cn to the special import tax of 15%), and



ﬁhore were export licensing requirements and a state marketing board monopoly on
exports of processed food producte.! In 1985, the maximum rate for customs duties
was lowered to 45%. Most impressively, ! -aocco has progressively reduced its
import licensing requirements so that by 1993 no imports will require a license
(other than for health and safety reasons). On the export side only minor
restraints remain since special customs regimes for exporters were extended and
improved, export licensing was removed with only a few exceptions, and the
monopoly of the state marketing board was abolished (see Mateus et al. (1988,
p.11)). We therefore take as our point of departure, a trade regime that is free

. of non-tariff barriers.

Tariff rates as of 1991 by sector are presented in column 10 of table 1.
The gtructure of the rates is taken from legal applicable rates at the tariff
line level that are aggregated, based on an unweighted average, to the 39 sectors
of our model. Legal tariff rates, however, are not indicatcive of actual tariff

collections, because there are exemptions to the tariff (as well as exemptions

- to the fiscal import tax and the value~added tax) for a number of purposes, most

importantly for inputs into products that will be exported. In view of the
importance of the revenue implications of the proposed tariff changes, we
therefore proportionally adjusted all the legal rates. The rates that appear in
table 19 have been proportionately adjusted for all sectors, such that the total
tariff collections in the economy, based on 1891 imports, equals actual aggregate
tariff collections from budget data for 1991.? The average import tariff based
on collections is 19%, which includes tariff surcharge (fiscal import duty).?
The most important sectors regarding import revenues are Industrial Machinery,
and Coal and Crude 0il, which together account for over 30% of revenues from
trade taxes.

Among the most important non-tariff barriers scheduled to be removed in

early 1993 are those in several agriculture sectors: sugar, cereals, meat, dairy

1See Mateus et al. [1988] and UNDP-World Bank {1992] for details.
“Appendix B discusses this adjusiment.
SAs members of the Maghreb preferential trading area, imports from Algeria and Turisia are exempted from the fiscal import duty.
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Table 1: Morocco - Basic Data for the Social Accounting Matrix

LECTOR (Abbrev.) SECTOR SHARE OF TOTAL: TRADE BY SECTOR:  |TARIFP RATEu
(in percent) (in percent)
16)] @ @3 “ ) € ) )] o) (10)
Output  Labor  Capital Imports %fromBC Ex oris %toBC | Imports Expons
— Consumption __Output
AGRICULTURE o
1. Ceresls (CER) Re 544 3.04 10.32 716 538 0.88 54.2 13.20 1.50 450
2, Suger (SUG) R 0.26 0.12 0.41 0.00 0.0 0.00 0¢ 0.00 0.00 4500
3. Citrus Fruits (CIT) R 2.18 1.50 284 0.03 64.8 9.26 69.8 0.40 4020 3156
4. Vegetables (VEG) R 1.84 114 215 0.26 1000 275 49.6 240 14.00 1135
5. Meat and Dairy (MAD) R 490 1.62 9.88 0.23 50.2 0.02 100.0 0.70 0.00 45ee
6. Fighing (FSH) R 0.38 0.08 025 0.00 64.8 0.66 53.6 0.00 1630
7. Forestry and Other Agri-
culture (FOR) 1.02 0.51 174 2.44 59.4 0.77 86.6 _32.80 7.00 29.54
MINING AND RELATED
8. Phosphates (PHS) 2.82 2 4.04 0.00 0.0 2245 511 0.00 89.20
9. Other Non-Metallic Mining
(NMM) R 040 0.46 030 1.99 77 0.73 4.2 4110 1540 1648
10. Metals Mining (MIN) R 0.59 0.58 091 0.14 86.4 4.57 80.6 1830 8140 1474
11. Coal and Crude Oil (CAO) R 0.16 0.47 0.08 18.82 1.6 0.14 84.2 96.20 2250 1135
12. Refined Oil (OIL) 4.4 331 0.20 1.89 51.6 2.19 730 19.50 750 23.80
13. Electricity and Water
ELE 1.80 1.54 1.77 0.00 0.0 0.00 0.0 0.00 0.00
'ACTURING
14. Food Products (FOO) 4.10 5.38 09§ 3.38 536 0.44 95.7 10.90 1.00 3523
15, Other Food Products (OFP) 540 424 216 3.98 47.7 740 63.3 12.90 13.30 2791
16. Beverages and Tobacco
(BEV) 1.01 1.84 0.51 0.34 76.8 153 94.2 530 15.00 30.02
17. Textiles (YXT) 4.10 6.07 228 $.3C 7no 6.25 61.0 21.10 14.40 2530
18. Clothing (CLO) 231 2.27 1.81 0.02 86.7 4.02 94.1 0.20 15.50 413
19. Leather and Shoes (LEA) 1.2¢ 1.88 0.68 0.15 89.5 478 ns 240 38.50 .01
20. Wooden Products (WDN) 1.95 293 0.64 236 314 C.26 83,7 17.60 3.00 19.98
21. Paper and Printing (PAP) 1.11 192 0.29 227 47.1 092 69.4 28.20 820 27.65
22. Cement (CEM) 1.66 3.58 0.41 095 38.1 0.11 68.2 11.00 0.70 21.%8
23. Iron and Steel (IAS) 0. 0.44 0.12 6.57 63.3 1.87 7.2 75.60 31.90 16.84
24. Electro-Mechanical Ind-
ustry (EMI) 1.79 393 112 229 88.9 0.11 873 22.60 0.60 2145
2S. Industrial Machinery
(IND) 098 0.74 0.62 17.83 453 0.06 68.2 74.10 0.60 2044
26. Transport Equipment (TEQ) 114 153 0.46 456 62.4 0.25 66.1 46.90 210 15.04
27. Electrical Equipment
(EEQ) 0.78 140 0.17 384 574 0.13 994 49.80 1.60 2¢.”%
28. Office Machinery (MAC) 0.07 0.04 0.02 1.06 139 0.02 952 73.70 150 30.54
29. Chemicals (CHM) 3.41 3.80 245 8.15 67.1 741 294 3490 2120 19.40
30, Rubber and Plastics (RBR) 0.75 1.22 0.24 139 745 0.15 20.8 21.50 0.80 23.16
31, Other Industries §OTH) 0.33 0.44 0.18 0.19 7.2 0.05 44.7 11.00 1,50 26.26
ERVICES
32. Construction (CON) 9.51 3.83 6.44 0.00 0.0 0.00 0.0 0.00 0.00
33. Trade (TRD) 12.57 299 21.61 0.00 0.0 0.00 0.0 0.00 0.00
34, Transport (TRN) 549 3.87 4.19 1.41 100.0 9.39 5712 4.80 20.90 10.00
35. Communications (COM) 0.50 0.46 0.70 0.01 1000 0.02 §72 0.40 0.60 10.00
36. Banking (BNK) 1.63 1,73 2.10 0.00 100.0 0.02 572 0.00 930
37. Insurance (INS) 0.34 038 0.00 0.00 100.0 1.24 572 3.20 10.70 10.00
38. Other Services (SRV) 11.82 6.99 14.87 0.86 100.0 7.70 572 120 7.60 10.00
39. Administration (ADM) 12.86 21.85 0.00 0.00 0.0 0.00 0.0 0.00 0.00

*  Sectors marked R (for resource) have sactor-specific capital,
*» Non-tariff barrier estimated at 45 percent; legal tariff rates after adjustrment for collections are 10 percent, 16 percent and 28 percent

in cereals. sugar and meat and dairy respectively.



and edible oils. These non~tariff barriers are beliovodi to be quite binding, and
Morocco intends to increase tariffs in the meat ana dairy industries, and impose
variable levies in the others to cushion the adjustment costs. We therefore
agsume in our benchmark that the tariff levels in the meat and dairy, sugar and
cereals sectors are 45 psrcent.

Shocka of the Free Trade Agieement

As a result of the decade 1long liberalization of trade, some
diversification in exports has been achieved, mainly in textiles and phosphate
derivatives, but the development of export markets in agriculture has been

. inhibited by protectionist policies in the EC. Given the generally free accese
to EC markets by Moroccan producers, EC restrictions of importance on imports
from Morocco only remain in fruit and vegetables, trousers, and canned sardines.
At the level cf aggregation of our model, increased access to the EC markets for
Moroccan products will primarily influence the export price of the fruit and
vegetable sectors.*

The Morocccan Free Trade Agreement proposal would involve a lo aring and
eventual elimination of all remaining trade barriers on all imports from the EC
(i.e., lowering of the tariff), with corraspondingly increased market access for
Moroccan products into the EC, most notably in agriculture.

We estimate the price distortion in agriculture due to border barriers in
the EC to be about 8%, following the EC model developed by Harrison, Rutherford,
and Wooton [1989). An "upperbound™ scenario would assume that the EC demand
schedule for Moroccan fruits and vegetabies ies infinitely elastic, so that a
removal of tariffs and other barriers will be entirely passed on to Moroccan
producers as an increase in the export price. If the EC demand schedule were less
than infinitely elastic, the price increase passed on to Moroccan exporters would
be less than 8%. Moreover, if Moroccan exporters are currently capturing some of
the rents from the EC trade barriers, then the axport price increase would result

in lees than the full 8% of benefits to Moroccan exporters. Since Moroccan

4 Morocco’s exports in fruit and vegetables are dominated by oranges and other citrus fruits, which are both the major componeats of our
citrus fruits, and by tomatoez, potatocs, and preserved vegetables, which are the major components of our vegetables sector.
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production is small relative to EC demand (suggesting highly elastic demand in
the EC), and sirce the variable levy is ssgpumed to capture rents in the EC, we
take as our base case scenario the full 0% increase in the price of fruita and
vegetables from improved access to the EC market.

Domestic taxes consist of the value added tax (VAT), employment and
corporation taxes, and production taxes and subsidies. Since we do not have good
updated data on collections by sector. all of thesa rate.: have been set
uniformly. The most important “ax in sur model is the velue~added tax, and
import taxation is the next most important. The legal VAT rate is 19%, applied
- to both lmports and domestic production. As witl lmport taxation, however, there
are exemptions to the VAT. In order to be consistent with aggregate VAT revenues
collected on domestic production and imports, the domestic VAT rate has been st
to 3% and the rate applied to imports to 11%.° The VAT taxation on impcrts
introduces further distortion in the trade regime.® The other tax rates are
calibrated based on aggregate tax collections as recorded in the SAM. They are:
1% production tax (net of subsidies), &n 8% labor tax (net of subsidies), and a

5% corporation tax (net of subsidies).

*In the sppendix we provide a detsiled documentation of the tax rates applied in our model. Briefly, however, total Morocean value-sdded
in 1991 was 185 .4 billion dithams, while total imports were 59.7 billion dirhemas. Value-added tax on domestic sales (imports) was 5359 (7853)
million dirkams, which represents 3 percent of valuc-added and 11 percent of imports. We applicd these rates to the structuce of value-added
and imports in vur 1980 SAM, which yields sn amount of value-added government rev -0 equal to 32 percent of toial government reverue,

Import taxes (including the P.F.1.) equal 11,465 million dithams in 1991, or 19 percont of the value of imports. We scalo all actusl
tasif¥ rates in 1991 o that the weighted average vate equals this 19 percens. This yiclds that 30 percent of government rovenue in our model is
from tariff collections.

Actual value-sdded and tariff collections in 1991 were 24 and 21 percent of government revensse, respectively, but thero are many
taxes employed in Morocco that are not present in our model (such a8 & personal incoay . , excise taxes, liceasing foes and & cosporite tax).
With our mapping we have assured that the structure of the VAT and iraport tax from 199: o implemented in our model. Moreover, reganding
what is important for the revenue implications of the model, the relative importance of the VAT to import taxes as & percent of towal government
revenue is preserved spproximately (32/30 versus 24/21).

Given that the VAT is applied on all production and in our model it is not rebated on exporta, ite entire VAT applied on imports is a
discriminatory tax on imnorts. There are two methods of value-added taxation that do not discriminate against imports: (1) apply the VAT on
all domestic production, including that destined for exports, but do not apply the VAT on imports (the origin principle); or (2) apply the VAT
on imports and domestic production for the domestic market only (the destination principle), If all domestic production is subject to the VAT
and imports are also taxed the VAT on imports is & discriminatory tariff.

In Morocco, an effort is made to rebate the VAT on exponts. Then, in principle, Morocco implements the VAT according to the
destination principle, and provided the rehate of VAT on exports is complete, the VAT is not discriminstory against imports.



2.2 General Modsl Btructure

Our S$mall Open ‘Economy {SOE) model is designad for trade policy anal/sis
with a large number of sectors. The model is a "generic" general equilibrium
model of a aingle economy along the lines of de Melo and Tarr [1992] and
Harrison, Rucherford and Tarr f1993].

Goods are proauced using primary factors and intermediate inputs. Primary
factore include labor and capital. Land is not included explicitly, but we
nonetheless have a sector-specific factor by varying the share of capital that
is sector-specific in "resource" sectors (.he nine resource sectors are denoted
.by an R following their names in table 1). Labor is assumed fully mobile across
gactors.

Production exhibits constant returns to scale, and producers behave
competitively, selecting output levels such that marginal cost at thoza: output
levels equals the given market price. In export sectors, ovtput is differentiated
between goods destined for the domestic, EC and all other export markets. Thie
relationship is characterized by a two-level constant elasticity of
transformation frontier. Composite output is an aggregate of domestic output and
compogite esports; composite exports are &n aggregate of exports for the BC and
non-EC markets.

Final demand by private households arises from nested constant elasticity
of substitution utility functions. This allows consumer decigsion-making to ocecur
in multi-stage budgeting. At the top level, goods from different sectors compete
subject to the budget constraint of the consumer, where all income elasticities
are unity. In tbhe second stage, the consumer decides how much to spend on
domestic versus aggregate imports, subject to income allocated to spending in the
sector from the first stage, with possibly different elasticities of substitution
by commodity. Finally, having decided how much to spend on imports, the consumer
allocates this expenditure on EC versus non-E¢ imports.

In two sectors, meat and dairy, and sugar, we depart from the "Armington"
assumption and assume that imports and domestic production are perfect

substitutes. This is because there are no (or negligible) imports in the initial



eéuilibrium due to the non-tariff barriers discussed above; the Armington
assumption, without very high elasticities of substitution, will imply (contrary
to expectations) that trade liberalization yields very little increase in
imports. In principle, the appropriate model is the one that is bencnmarked to
an econometrically estimated aelasticity of suppiy in the sugar, and meat and
dairy industries. Absent explicit estimates, we use the model that is closest to
or assegsment of the supply elasticity. In our sensitivity analyseis, we adjust
the share of sector-specific capital and thereby the supply elasticity, yielding
alternate estimates of import penetration after liberalization.

As discussed above, the only Moroccan trade distortions currently included
in the model are ad valorsm tariffs (or subsidies) on imports and a value added
tax that is applied at different rates on imports and domestic products. The
model allows tariff rates on imports to differ depending on whether the import
is from the EC or the rest of the world (ROW); and we allow exports to have
different prices depending on whether they are sold in the EC or ROW. These
distinctions allow us to study policies such as accession to a free trade area.
The Free Trade Association with the EC also involves changes in Morocco’s access
to EC markets. The main effect of increased access would be an increase in the
Moroccan export price, and these are therefore included as policy instruments
that can be varied in counterfactual simulations.

Government expenditures and Investment demanfi are exogenous. Funding
of government expenditures is provided by net tax revenues. Thers are three other
components of government income in addition to import tariffs. These are (i)
value~added taxes on factor inputs to production and on imports, (ii) employment
and corporation taxes on factor employment, and (iil) ad valorem production
subsidies net of excise taxes on production output. In a counter-factual scenario
the value-added tax adjusts endogenously to balance government (net) tax revenues
with expenditures. Thus the welfare effects of changes in trade policy explicitly

incorporate the appropriate marginal excess burden of raising government revenue

from other sources.



Since private consumption equals the income from primary factors plus net
transfere to the consumer by the government (from domestic and foreign trade
taxes), Walras law is satisfied. Public consumption is balanced with the value
of public endowmeats and tax revenue.

World market impurt and export prices are fixed, so there are no endogenous
changes in the terms of trade. In other words, import supplies and export demands
are infinitely elastic. The current account balances the value of exports and
imports taking into account exogenously-fixed capital inflows. This guarantees

no "free-lunch" either taken from or given to foreigners.’

2.3 Empirical implementation of the Morocco model

We employ a 1980 Social Accounting Matrix (SAM) for Morocco which
distinguishes 39 production sectors. This provides a consistent set of input-
output relationships showing intermediate, final demand and value added
transactions. Table 1 summarizes some of the most important industry data
employed in our model, and displays the names of each of our sectors along with
a 3-letter acronym for later reference.’! Columns 1-3 show the sh;re of Moroccan
output, employment and capital by sector, derived from the 1980 SAM. Although a
full update of the 1980 SAM is unavailable, appendix B shows that, at the 9
sector level of aggregation, output shares did not significantly change between
1980 and 1991. Over 40% of both output and factor employment originates in the
service sectors, about 30% of the economy is in manufacturing (food and textiles
and apparel comprise about half the manufacturing sector) and the remaining 30%
is in the agricultural and mining sectors.

Columns 4 and 6 display the sectoral decomposition of imports and exports,
where the share accounted for by EC imports and exports is displayed in columns
5 and 7. These shares are updated 1991 data, aggregated from tariff line data
provided by the government of Morocco. Phosphates are the most important export

7 A more formal description of the model is given in Appendix D,
% This SAM was constructed by Mateus et al. (1988).



aﬁctor, and they eucounter no trade barriers in the EC. Fruit and vegetables
exports together make up 14% of all exports to the FC.

Columns 8 and 9 show the importance of trade for each sector. Clearly the
mining sectors are very dependent on exports, as is the citrus fruit sector to
a lesser degree. We therefore expect some benefits to this latter sector from

increased access to EC markets.

The benchmark values of all elasticities in the model are reported in
Appendix A. Estimates of elasticities must be assembled for primary factor
.substitution, import demand, import eource, domestic demand, and the
transformation of domestic supply into domestic and exported products.’ Despite
our literature search, there are many elasticities about which there is
considerable uncertainty. Our "remedy" for this problem, which is endemic to any
large-scale model of this kind, is to undertake systematic sensitivity analyses
of our major results with respect to plausible bounds on these elasticities. Even
if we are unable to specify a point estimate with any precision, our priors over
the likely bounds that these elasticities could take are quite strong. To the
extent that our major conclusions are robust to perturbations over these bounds,
we do not see our uncertainty over specific values of these elasticities as a
weakness of the model.® We report the results of these sensitivity analyses,
which involve a minimum of 1000 simulations for each counter-factual policy in
Section 4. They will allow us to conclude whether or not our main results are
robust, at least with respect to plausible uncertainty over elasticities.

We numerically elaborate in appendix C, the model parameters that define
the gross substitute—-complument relationship between domestic and export

production. Although this relationship is important for sectors such as citrus

? In detail, these elasticities refer to the elasticity of substitution between primary factors of production in each sector; the elasticity of
substitution between domestic production and an imports contposite in each sector; the elasticity of substitution between imports distinguished
by source, also by sector; the elasticity of substitution between domestic consumption of each good (the components of which are, in turn,
composites of domestic and imported production); and the elasticity of transformation of domestic production into donwstic uses and export.

1 These remarks should not be interpreted as denying the value of any new empisical work on gencrating such clasticities. On the contrary,
any effort that could gencrate better bounds on these point estimates is useful in generating policy conclusions that carry greater credibility, even
if those conclusions will still be probabilistic in nature.
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t?uitu and vegetables, which are expected to experience export price increases,
it is typically not transparent in models of this type for the following reason.

Let ¢ denote the supply elasticity of the composite output in a sector and
¢ denote the elasticity of transformation between domestic and exported output
in a sector. Abstracting from general equilibrium effects from other markets, de
Melo and Tarr [1992) show that if and only if ¢ > ¢, an increase in the export
price will increase output of the domestic variety and raise the domestic price,
i.e., the import and domestic varieties are gross complements in production.!
Although a similar condition exists in consumption, all elasticities in
.consumption are entered parametrically, and it is straightforward to examine
whether the import and domestic varieties are gross substitutes.’? Although ¢
is entered parametrically, ¢ (the industrywide elasticity of supply) is only
defined implicitly and, in a model with constant returns to scale such as ours,
could potentially assume extremely large values, especially for small sectors
where output expansion will not significantly alter the relative costs of its
inputs.

We report our basic results for the cases of low, medium and high
industrywide elasticities of supply. We implement a change in the elasticity of
supply, by assuming three different shares of sector specific capital in all the
resource (R) sectors: 50, 75 and 90 percent. Ceterus paribus, the larger the
share of capital that is sector specific, the lower the industrywide elasticity
of supply. Appendix C numerically elaborates the relationship between the assumed

share of sector-specific capital in the citrus and vegetable sectors, and the

"The intuition for this result is as follows. When the export price increases, firm revenues will increase if cutput levels are held constanz.
Firms will therefore purchase more inputs in order to produce more. Disregarding the relative price change between domestic and export markets
for a moment, this would result in an increase in composite production, i.e., of goods destined for both the domestic and export market. This
increase in composite cutput we Iabel the output effect. The extent of this effect depends oa ¢. It is equivaleat to the income effect in consumer
theoty. There is also a transformation effect, however, away from producing domestic goods in favor of export production, due to the change
in the relative price of exports to domestic varicties. The extent of this transformation effect depends on ¢, the transformation clasticity, and
it is equivalent to the substitution effect in consumer theory. When ¢ > ¢, the output effect dominates the transformation effect, and the goods

are gross complements.

Bda Melo and Tarr [1992) show that a necessary and sufficient condition for the price of the domestic import competing good in a sector
10 be & gross substitute with the import good is that the price elasticity of demand for the composite Armington good is leas than the Armington
substitution elasticity. This condition ensures that the substitution effect will dominate the income effect in demand. A similar result is discussed

in Rutstrdm [1992].
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ahpply elasticity of the composite output for domestic firms in these sectors.
In the case of citrus fruits, the industrywide elasticity of supply varies from
about unity to 3.5, but takes slightly lower values in the vegetable sector.
Given that the elasticity of transformation (¢) is 5 in our benchmark, this
implies that exports and domestic outputs in these sectors are gross substitutes.

In the present version of the model we only have one private household in
Morocco. It is important to note, however, that there are several powerful
theorems in international trade theory to show that one can effect Pareto-
efficient reforms for multiple households providing there are aggregate (real)
.income gains and one accepts some weak conditions on patterns of demand and
ownership.” These results do nct rely on the availability of lump-sum
redistributive taxes, nor do they address the issue of an optimal reform package.
What they do show is that one can focus initially on aggregate gains in income
and welfare, knowing that the redistributive aspects of the problem do have a
solution that leaves each héuaehold at least as well off as before the reform.
This is not a complete substitute for actually solving for the equity effecte of
a reform package, but it ias a partial substitute.

The SOE model is generated with the GAMS software developed by Brooke,
Kendrick and Meeraus [1988] and solved with the MPS/GE sotftware developed by
Rutherford [1989). The systematic sensitivity analyses are undertaken with the
MPSS software developed by Harrison [1990] and using the procedures developed by

Harrison and Vinod [1992].,

3. RESULTS

The policy simulations that we consider and the aggregate results on
welfare and taxes are summarized in table 2, and the employment effects by sector
are summarized in table 3. In the following section, we present the results of

systematic sensitivity analysis to determine the robustness of the results to

1 See Dixit and Norman [1980; pp. 79/80] [1986). The conditions on demand and factor ownership patterns are primarily to rule out "pure
exchange” economies. These conditions are trivially met in our model.
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pﬁramater specification. Ong paramatzr which stands out in importance regarding
some of the results is tﬂe industry-wide elasticity of supply assumed in the
resource sectors. Consequently, in this section, we present our "best guess"®
estimates under three different assumptions regarding the industry-wide
elasticity of supply in resource sectors.

3.1 Welfare, Revenue and Aggregate Primary PFactor Novement

The first three columns of table 2 show the welfare gain measured as the
Equivalent Variation as a percent of benchmark GDP. Columns 7-9 show the
percentage labor adjustment measured by the necessary reallocation of labor
.across sectors as a percentage of total labor supply. Columns 10-12 likewise
measure the necessary reallocation of capital across sectors as a percentage of
total capital supply.

The results depend on the industrywide elasticity of supply assumed in the
resource sectors. The greater the elasticity of supply, the more resource
movement across sectors (more labor has to change jobs), but the more welfare
gain as well. For example, under ACCESS, the citrus fruits and vegetables sectors
obtain higher EC prices. With larger elasticity of supply, they expand output
more. This results in greater welfare gain to the economy, but also more movement
of capital and labor between sectors. Conversely, the meat and dairy, sugar, and
cereal producers will suffer a decline in demand as a result of lowering tariffs
under all scenarios except ACCESS. The greater the elasticity of supply, the more
output, labor and capital reduction there will be in these sectors, but the
larger the welfare gain as a result of shifting these resources into more

efficient sectors. All the results of columns 1=3, 7-9 and 10-12 follow this

pattern.

“The different clasticities of supply are implemented through varying the share of sector specific capital. Given sector specific capital, in
response to a change in demand, the rent on capital in the sector will change which implies there will be less movement of resources in or out
of the sector. For example, specific capital owners in citrus fruits and vegetables earn greater rents under ACCESS, but the increase in their
rents increases their prices and diminishes the expansion of output. Conversely, in contracting sectors, sector specific capital results in a reduction
of reats, costs and prices, and a diminished reduction in output.
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Table 2: Free Trade Agreement with the EC and Related Trade Liberalizationt
Welfare, Tax and Factor Adjustment Effects on Morocco*

% of labor that change jobs % of capital that adjusta

% Change in Welfare %Change in VAT nate
H M L H M L H M L M M H
228 1.52 $83 2.5 5.1 33 2.7
2,05 1.29 8.9 . 26 54 36
0.27 . . : . 0.6

1.10 3 . . : $ 53
6.0

5.6

a. All simulations use the Value-Added Tax as replacement tax. Rosults are for high (H), medium (M), and low (L) elasticity of supply in resource
sectors.

DESCRIPTION OF POLICIES:

FTA ... Full free trade agreement with the EC. Increased export prices for citrus fruits and vegetables for EC destinations by 8 percent, elimination
of import protection from EC sources.

ECLIB ... Elimination of import protection against EC imposts.

ACCESS ... Increased export prices for citrus fruits and vegetables to EC destinations by 8 perceat.

LIBROW ... Elimination of import protection agsinst non-EC imports.

LIBALL ... Elimination of import protection sgainst all imports, EC and non-EC.

FTAALL ... Full free trade agreement with the EC, sugmented by elimination of import protection from non-EC sources as well,

First consider the policy scenario ACCESS. Improved access to the EC for
citrus fruits and vegetables will improve Moroccan welfare by slightly more than
one-fourth of a percent of GDP, due to improved resource allocation and better
terms~of-trade in citrus fruits and vegetables. Since columns seven through nine
show that factor movement is small under ACCESS, it is primarily the terms-of-
trade improvement that is providing the benefits from improved access.

Removing tariffs against EC imports (ECLIB) results in an improvement in
Moroccan welfare of between one and two percent, which is about 4 to 7 times the
benefits of improved access alone. The free trade agreement (FTA), which combines

the policies of ACCESS and ECLIB, results in gains in Moroccan welfare that are
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rbughly additive in the separate policies. Removing tariffs against the non-EC
rest of the world (LIBROW) results in qains of about 80 percent of those from
liberalizing trade with the EC alone, reflective of the fact that the EC is the
larger trade partner.

If tariffs are lowered against all imports (LIBALL) another substantial
increase in Moroccan welfare (of about one percent of GDP) is obtained (compared
with ECLIB), interestingly, without significantly additional shifting of labor
and capical among sectors. The reason that the additional welfare is obtained
with little additional resource movement is that lowering tariffs against only
.the EC induces resource movement, but that rescurce movemsnt is not necessarily
toward the most efficient sectors by world standards, i.e., there is trade

ersion from the Mo - . Resource movement that is
induced by trade diversion will not occur when tariffs are lowered to all
supplying countries. The significant benefits that accrue from discriminatory
liberalization against either EC or rest of world imports indicates, however,
that trade diversion is not dominant.

Liberalizing tariffs to the rest of the world in combination with a free
trade agreement (FTAALL) with the EC results in benefits that are roughly
additive in the separate policies that make up FTAALL, i.e., LIBALL plus ACCESS.

All simulations are performed assuming that the rate of VAT taxation would
be altered so that revenue to the government is unchanged. For secenarios
involving reduced tariffs against the EC, columns 4-6 of table 2 show that the
VAT would have to be increasaed by about 55-60 percent. This means that the VAT
collection rate on imports would rise to about 16-17 percent (from the collected
11 percent) and on domestic products to about 4-5 percent (from the collected 3
percent). For scenarios involving full tariff 1liberalization against all

imports, the VAT rate would have to rise by about 80-90 percent.

UTrade diversion would occur in a Meoroccan Free Trade Agreement with the EC, when a supplier outside the EC would supply the product
to Morocco at & cheaper price than the EC supplier, but the tariff inclusive price of the EC supplier is cheaper. Trade diversion costs are more
likely to be high relative to trade creation benefits: (1) the higher the tariff rate against and (2) the larger the share of trade with the countries
that are excluded from the integration agreement. We also show in section 4.1 that (3) the lower elasicticity of substitution of composite imports
and (4) the higher the elasticity of substitution for imports from different countries of origin, the greater the relative costs of trade diversion.
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To sum up the aggregate effects, there are significant trade diversion
costs when only partially liberalizing import protection, implying that a
complete elimination of the protactive system would result in higher welfare
gains than a free-trade agreement with the EC., Moreover, thnere is a clear
correlation between the welfare effects and the necessary factor adjustments. The
higher the welfare gain, the higher is generally the adjustment needed. One
interesting conclusion is that broader trade liberalization yields greater
walfare gain than the FTA, but with only slightly higher adjustment costs. This
can be seen as an important argument in favor of the efforts towards lowering
- tariffs against non-EC sources subgsegquent to achieving a FTA. PFinally, welfare
benefits of 1.5 to 2.5 of GDP, from the free trade agreement or broader
liberalization, is quite substantial for models with constant returns to scale.
We have shown, however, that a considerable portion of the benefits derives from
eliminating dispersion in the tariff regime, since dispersion is eliminated in
the process of liberalization.!®

3.3 Employment Impact by Sector

The sectoral employment adjustments occasioned by the policies are depicted
in table 3. By far the sector that gains the most from the trade liberalization
scenarios is the phosphate sector, where employment increases by over 60 percent.
Despite the fact that phosphate exporters do not obtain improved terms of trade
on world markets from the free trade agreement, the reduction of tariffs
depreciates the real exchange rate in Morocco, and allows them to obtain more in
domestic currency for their exports even if the price of their exports in foreign
currency is unchanged.!” Citrus fruits, vegetables and leather goods (all

significant exporters) are the other industries that expand the most.

“{a fact, when we first harmonized tariffs for all sectors to their weighted average level in the benchmark (21.5 percent) and subsequently
simulated the various policies of shown in table 2 (in the medium elasticity scenario) we obtained considerably smaller benefits. In particular,
the welfare benefits as a percentage of GDP are as follows: FTA, 0.549; ECLIB, 0.325; ACCESS, 0.243; LIBROW, 0.290; LIBALL, 1.233;
FTAALL, 1.456. This shows that about two-thirds of the benefits in many of the scenarios derives from harmonization of the tariff regime.

YEormally speaking (since there is no money in the model), the price of exports buys more in terms of domestic non-traded goods.
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Conversely, since the cost of the imported goods rises in t~rms of non~
traded goods, sectors which are primarily non~traded generally lcose employment
after the FTA or other liberalizing scenarios. The largest losers of employment,
however, are the agricultural sectors that lower tariffs significantly (cereals,
meat and dairv and sugar). For reasons mentioned above, we treat two sectors in
the model as homogeneouss meat and dairy, and sugar. In these sectors the
industry-wide elasticity of supply plays an especially important role in
determining the decline in employment. The elasticity of supply in these sectors
is controlled by the share of sector specific capital. More precise astimates for
.these sectors could be obtained if econometrically estimated supply elasticities
were available. The estimates for these sectors are illustrative, given our best

guess of the supply elasticities.
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Table 3, Percent Employment Change by Sector and Scenario * !

FTA ECLIB ACCESS LEBROW - LALL FTALL
SECTOR (Abbecv.) H M L H M L H M L H M L H M L H M L
AGRICULTURE :
1. Cessla (CER) R TR B | 26 ] -us FX 27 00 .Y} 0.1 a2 L X 43 -134 416 109 433 118 108
2. Sugsr (SUG) R 023 a4 <13 23 8.1 62 24 13 40 | 826 A 616 X ©71 366 87 B3 569
3. Curs Frults (CTT) 24 176 159 23 17 16 176 us 133 22 1 X 14 29 22 24 a1 3 164
4. Vegotabics (VEG) | | L X] (%] [ X 1.1 -4 -16 89 87 [ &) 16 20 22 14 -1.? -1.9 2] 0 )
S. Most sod Dalry (MAD) 3 413 S0 483 L] 557 st 18 rL o8 | 612 S24 457 Qs 4.2 4 £3 53 49
6. Flabing (F5H) R 20 20 a8 22 33 42 [ ¥] 02 02 [ %} 02 23 L7 19 04 19 13 (33
7. Forcstry & othee Agric. (FOR) A7 49 S0 43 4.7 48 Q4 03 03 Al 33 EX] 49 24 12 21 13 13
MINING AND RELATED
8. Phosphatcs ((PHS) ne as 81 {107 »9 613 <6 B2 42 ]2 B3 @7 1223 [ X} nl o 209 o3
9. Otor Noo-Metaltio Minkg (NMM) | 64 7 54 [1] [ 13 8 EY T % | £96 27 25 24 13 EX 10 47 14 13
10. Metals Mining (MIN) | 1 38 27 24 4“0 29 26 27 04 03 29 21 19 a2 30 22 39 28 2s
18, Coat andd Crado Oil (CAO) R 93 .5 X} 97 90 [ 1] <9 07 02 07 o3 24 24 24 27 29 21 22
12. Refined O (OIL) 20 34 490 13 a3 29 [T} ol 00 66 0 2 44 23 21 « 27 20
13. Eloctricity and Water (ELE) A1 D4 o1 18 92 X} 01 01 ] 10 02 [ 1] -9 [ 1} o4 490 a1 2
MANUFACTURING
14. Food Products (FOO) £0 42 49 41 53 T [ ¥] ol (%) 40 532 40 $0 <8 43 14 £7 44
13. Other Food Products (OFP) 39 a1 28 40 34 28 03 04 0.1 “+9 41 38 53 S0 A7 57 49 46
16. Boversges end Tobaooo (BEV) 22 23 23 23 23 24 02 02 ol 48 A9 19 a8 kX1 EX] 30 30 EY)
17. Textike (TXT) <8 M 33 48 29 39 03 o2 o1 28 217 a7 53 53 53 34 53 52
1 18. Cloding (CLO) BY BEEER 441 EN EX] 42 02 02 01 49 -18 19 18 -8 19 13 18 19
19. Losthee snd Shoes (LEA) 132 1w 9.7 144 ns 103 18 43 11 17 ] 7 43 127 108 94 120 2 .
20, Woodca Products (WDN) [ X} 0s [ X} 0.4 0.4 [X] 0.1 Q0 00 21 27 27 20 28 20 20 19 49
321. Pepor end Pricting (PAP) 2 27 27 28 27 26 03 22 02 33 a3 32 39 43 48 ET ] A8 4%
22. Comentt (CEM) 43 el 40 13 4.1 a9 X ot <.l 16 13 432 22 28 18 22 20 49
D. ko and Swcd (AS) 23 18 13 Y] 23 20 13 DY B Y ] 32 27 24 [T 3 [ 7] [ 1] 19 a 43
24. Elsctso-Machanical Suhatry (EMD) 42 A7 34 43 38 EX] [ Y] 00 [ 1] 09 [ 1] 09 38 2 29 £3 EX 28
25. Inkatris] Mackinery (IND) 37 28 23 34 24 22 04 o4 04 E7] £ Ex} 32 193 29 -3 108 401
26. Tomepont Equipmons (TEQ) 48 13 -1 12 12 09 23 3 03 02 [ %] 18 26 20 3.2 26 21 49
27. Eloatrical Equipment (EEQ) ©3 41 40 <4 40 59 04 23 03 47 45 <4 -500 23 22 -100 o4 43
28. Office & achinery (MAC) -172 178 -168 ] -169 166  -16$ o8 21 26 A2 29 28 200 192 191 199 195 194
29. Cheenicals (CHM) 12 03 o1 14 a7 03 09 01 E%) 7 43 “ 19 22 19 23 18 15
30. Rubbor and Plstics (RBR) L % K | 48 o4 42 BY 035 €2 o2 24 [X] % at 09 13 04 42 A4S
31. Othey Industrics (OTH) 48 13 48 413 19 19 0.4 ol [ X} 1.4 15 4.3 1.2 13 -13 12 412 13
SERVCES
92. Canstruction (CON) 43 ol oS 438 03 12 [T] a1 22 18 02 18 14 [ %]
1. Trado (TRD) 40 19 09 51 as K] 12 07 04 53 25 1.1 41 33
. Teacepont (TRN) 23 22 2.t 2 2.7 26 05 25 LX) 33 s2 st 55 sS4
35. Comxsalostions (COM) 40 ol [ %] -0 00 [ X] o8 4 o3 EY [ X (1] 45 s
36, “anking (BNK) 04 10 12 0.7 1.3 14 o3 03 04 s 14 17 0.7 13
¥.. losucsnco (INS) 04 99 Ll 04 10 12 o4 03 03 1%} 22 24 12 18
8. Other Scrvices (SRV) 03 0.5 09 03 0. | K] ol 032 03 03 06 11 3] 18
39, Adutinistrstion (ADM) o1 02 02 02 02 42 00 00 00 094 02 02 o1 41
e —— e M

* H, M, L refer to high, medium and low industrywids elasticity of supply in the resource (R) sectors.
*¢ Sectors denoted with R (resource) have sector specific capital.

Source: Mode! estimates

18



4. INPACT OF KEY PARAMETERS AND SENSITIVITY ANALYSIS

4.1 Impact of Key Parameters

Sensitivity analysis over the parameters of our model has revealed the
parameters which are most important regarding the welfare, revenue and factor
adjustment estimates. One which we discussed above is the industrywide elasticity
of supply. We have also found that the results are sensitive to the elasticity
between imports and domestic consumption (the Armington elasticity), and to a
leaser extent the elasticity of substitution in consumption between imports from
the EC and the ROW. In this section we discuss the impact of these parameters as

.wa@ll as the Armington assumption in sectors with small initial shares of imports.

In the results rep.urted in table 2, the Armington elasticity is equal to
2 for all sectors other than sugar and meat and dairy (imports and domestic
preduction are assumed to be perfect substitutes in these latter two sectors).
Increasing the Armington elasticity for all Armington sectors increases the
welfare benefits, as shown in table A2. At a value of 10 for the Armington
elasticity, the welfare benefits of the integration-~liberalization strategies
increase more than 3 times in all scenarios except ACCESS (where trade diversion
is not an issue). At a value of 1 for the Armington elasticity the welfare
benefits are reduced.

In figure 1 we provide an interpretation of the welfare economics of why
an increase in the Armington elasticity increases the welfare benefits of trade
integration. To simplify, and to isolate the impact of the Armington elasticity,
we assume that imports from EC and ROW sources are homogeneous in the preferences
of consumers. (In figure 2 we show how to generalize the graphical interpretation
to where imports from different sources are imperfect substitutes, as in our
model.) The case of trade diversion in a given sector is depicted. Tariffs are
lowered preferentially against imports from the EC, but imports from the ROW are
the cheapest. The cost advantage of ROW suppliers is not large enough to overcome
the tariff preference toward the EC, so that Moroccan importers shift from all
ROW imports to all EC imports. Initially equilibrium is at E° and shifts to
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Increase with the Elasticity of Demand for Combosite Imports*
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(Price from EC)
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(Price from ROW)
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The trade diversion case, where consumers regard imports from different sources
as homogenenous, is pictured. If tariffs are eliminated preferentially against the EC,
the welfare change is equal to: A - T with D, (inelastic demand for imports), orA + B-T
with D, (elastic demand for imports). In the trade creation case there is no area T to
subtract, and the triangles A and B extend down to the price of the low cost supplier.
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Qither E' or Ef depending on the elasticity of demand for composite imports.
Cetarus paribus, the lavger the Armington eiasticity, the larger the elasticity
of demand for composite imports. Consumers’ surplus analysis (our general
equilibrium model uses iicksian equivalent variation) implies that the net change
in welfare is equal to A ~ T in the inelastic case, or A + B = T in the elastic
demand case, i.e., the triangle B represents the net difference in the welfare
between the elastic and inelastic demand cases. In the case of trade creation,
there is no rectangle T to subtract and the triangles A and B extend down to the
delivered price of the low cost supplier; but an enlarged triangle B remains the
-net difference in welfare between the elastic and inelastic demand cases.

Elasticity of Substitution betwse : Imports from Different Sources

Our benchmark value of the elasticity of demand between imports from the
EC and imports from the ROW is 5. In table A2, we show that increasing thia value
reduces the welfare benefits of preferential tariff reduction, either against the
EC or &gainst the ROW. This parameter has no effect on the welfare effects when
the tariff changes are not preferential.

Figure 2 depicts how an increase in the elasticity of substitution among
imports impacts on the estimates of the change in welfare. The demand curves of
Moroccan consumers for imports from the EC and from the ROW are drawn to show
that they depend on their own price and among other prices, most notably the
price of the import substitute (in all cases it is the tariff inclusive price
that is relevant). Preferential tariff reduction against EC imports will reduce
the tariff inclusive price of EC imports, and therefore induce an inward shift
in the demand curve for imports from the ROW. The inward shift in the demand
curve for imports from the ROW will be larger the larcer the elasticity of
substitution among imports from different sources. In the market for EC imports,
triangle A is the gain in consumers surplus that is not offset by lost tariff
revenue. In the market for ROW imports, there is a loss of tariff revenue equal

to T, in the low cross-elasticity case or equal to T, + T, in the high cross-
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Price of EC Imports

FIGURE 2: Welfare Benefits of Trade Integration
Decrease with Greater Substitutability among Imports
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* If tariffs are eliminated preferentially against the EC, the welfare change is equal to: A - T,
with D*, (small ;ross-elasticity of demand between EC and Rest of World imports), or A-T,-T,
with D*; (large cross-elasticity of demand between EC and Rest of World imports).



élaaticity case, that is not offset by a consumers’ surplus change. Thus, the nat
change in welfare is equal to A~ T, or A =T - T,."

Homogeneous or Armington Sectors

Since both the sugar and the meat and dairy sectors have little or no
imports, we have assumed that they are homogeneous gectors in our model. An
alternative modelling procedure would be to assign a very small amount of imports
to a sector that has no imports and treat the sector as an Armington sector. In
view of the above discussion on the impact of the Armiangton elaasticity, it should
be apparent that treating the sector as a homogeneous sector (equivalent to an
-infinite Armington elasticity) will increase the walfare benafits of our trade
integration scenarios, i.e., the Armington assumption mutes resource movement and
reduces the welfare impact.” What may be less apparent is that under the
Armingtor. assumption, in response to a change in trade policy in a given sector,
resource movement and the welfare impact will be quite small in sectors with a
small import share compared with sectors with a large share of imports. For
example, with our point estimate Armington elasticity (elasticity of
substitution) of 2., a fifty percent decline in the relative price of imports will
induce a 100 percent increase in the ratio of imports to domestic sales ia
consumption. But if imports were less than 0.5 percent of consumption, they will
remain under one percent after their relative price reduction, i.e., the absolute
increase in the import share of coneumption is less than 0.5 percent. With the
same elasticity of substitution, if a sector has a significant initial share, the
same relative price reduction will result in a much larger absolute increase in

imports as a percent of total consumption in the sector. That is, ceterus

*The justification for the welfare analysis of figure 2 is equation (8) [or its special case, equation (5**")] in Harberger (1971). Harberger
considers the case where there is a change in the tax on good 1 (in our case lowering the tariff against EC imposts) in the presence of taxes on
other goods in the economy say g>ods 2,...,n. In our case, the most notable other tax is the tariff on competing imports from the rest of the
world in the same sector. Then, the change in welfare is the change in surpius on good 1, plus the change in surplus on goods 2,...,n, where
the [atter is equal to the tax in the other sectors times the change in quantity in those sectors, summed over all such sectors. To simplify figure
2, and because the cross-substitution effect in demand will bo smaller and of either sign in other sectors, we have ignored sectors outside of the
directly competing import sector. Our quantitative analysis, however, which is based on Hicksian equivalent variation, incorporates the wolfare
changes from all goods.

¥See de Melo and Tarr (1992, chapter 2) for an elaboration.
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paribus, there is dramatically less resource movement (and consequently welfare
impact) in the case of a small initial import share.

In the case of sugar and meat and dairy, it appears inappropriate to model
these sectors as Armington sectors after quantitative restraints are removaed,
where the removal of tariff equivalents of even as high as 100 percent would
result in an import share of less than 2 percent. These sectors have been
protected by quantitative restraints because of the fear that they would contract
precipitously. On the other hand, the homogenous product assumption will tend to
result in excessive resource movement without the presence of specific factors
. of production. Thus, as discussed in section 3, we have employed specific
factors in the homogeneous sectors, to approximate the appropriate supply
response.

4.2 Sensitivity Analysis

How robust are our major policy conclusions to the many assumptions of our
numerical model? We answer this question partially by considering a systematic
sensitivity analysis of the main results with respect to all of the elasticities
of the model.”

Our sensitivity analysis employs the procedures developed by Harrison and
Vinod [1992). Essentially these procedures amount to a Monte Carlo simulation
exercise in which a wide range of elasticities are independently and
simultaneously perturbed from their benchmark values. These perturbations follow
prescribed distributions, such as a t distribution with a specified standard
deviation and degrees of freedom, or a uniform distribution o%rer a specified
range.? For each Monte Carlo run we solve the counter-factual policy with the
gselected <3t of elasticities. This process is repeated until we arrive at the
desired sawple size, in our case 1000. The results are then tabulated as a
distribution, with equal weight being given (by construction) to each Monte Carlo
run. The upshot is a probability distribution defined over the endogenous

™ We appreciate that there are many other assumptions that remain fixed as wo just vary elasticitics, but regard thoas exteasions as beyond
the scope of the present study.

 The exact distributional assumptions used are documented in Appendix A,
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variables of interest. In our case we focus solely on the welfare impacts of each

policy.

TABLE 4: Results from sensitivity analysis
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The results of the sensitivity analysis are reported in Table 4. In the
interests of reporting all of the pertinent data in a compact manner, some of the
column and row headings are necessarily somewhat cryptic at first glance. The
acronyms for each simulation (column heading) are defined in Figure 1. The
"Sample Size" row refers to the number of Monte Carlo runes that were actually
completed. In each case we have at least 1000 runs, which should be enough to
obtain a reliabla picture of the distribution of results. The "Point Estimate"
(PE) row shows the effect of the policy when all elasticities are set equal to
their benchmark, or point estimate (PE), values. These are the results reported

.and discussed earlier. As before, we report the change in welfare due to the
policy as a percent of GDP, the revenue as the change in the VAT rate required,
and the labor adjustment as the percent of the labor force that is reallocated.

The remaining rows report the results of the sensitivity analysis proper.
We list the median, the mean, and the standard deviation, so as to provide simple
indicators of the location and dispersion of the distribution of results. We do
not report here the skewness and kurtosis statistics that are necessary to gain
a more complete impression of the distribution. In all cases we find that both
the skewness and kurtosis are insignificant.

In order to obtain an indication of the gqualitative policy results we
report the "Prob. = 0" row for the welfare and the VAT rate raesults, which shows
the probability from the empirical distribution that welfare increased in the
counter~factual policy. This gives us a measure of the confidence that we have
the sign right when we look at the Point Estimate effect or the Mean or Median.
Similarly, we report a row showing the probability that an effect greater than
or equal to the PE effect was obtained. If the PE result is perfectly
representative of the location of the distribution of results we should see thig
value around one-half; this would be the case if the PE result exactly equalled
the reported Median result. A value lower (higher) than one-half indicates that

the distribution generally lies below (above) the PE result.®

BWith the exception of the intermediate input substitution, where the poing estimate is 0.
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Finally, to gain a better sense of the confidence to be attached to the PE
or Mean welfare and VAT rate result, we report lower and upper bounde from 50%
and 75% symmetric confidence intervals around the Median result. These confidence
intervals simply show the smallest and largest valuaes that lie within 50% or 75%
of the distribution centered on the Median. Thus a 50% confidence interval
betwaen 1.1 and 2.3 can be interpreted as saying that 50% of the Monte Carlo runs
resulted in welfare results between these values.

What, then, do we learn from these sensitivity analyses regarding our
policy conclusions? Most mean and median welfare effects are above the point
. estimates reported earlier. These higher welfare effects are also coupled with
higher adjustment costs. We can confirm our conclusion above that FTA is a
preferred policy package to ECLIB in the sense of providing higher median welfare
gains at lower median adjustment costs. Note, however, that the mean welfare
effect for ECLIB lies within one standard deviation of the mean for ﬁh. There
is therefore considerable overlap between the two distributions so the conclusion
regarding which policy package is preferred might still not be robust. We £ind,
however, that the welfare effect in FTA is greater then the median welfare effect
in ECLIB with a probability of 0.711. The reverse case that the welfare effect
in ECLIB is larger than the median welfare effect in FTA only occurs with a
probability of 0.282, however.

Similarly, we find the second-best argument in favor of eliminating all
import protection and not just protection from EC competition to be robust to
variations in the value of key parameters. The welfare effect in LIBALL is much
larger than the welfare effect of ECLIB, but with not much additional labor
adjustment.

Interestingly we find that the median revenue effects are smaller than the
point estimates. In no case would the VAT rate have to increase to more than
about 5.5 and 20 percent from a benchmark value of 3 and 11 percent for
domestically produced and imported goods, respectively.

In summary, we find that our general conclusions are gqguite robust with

respect to any uncertainty in key parameters. Welfare and labor adjustments tend
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to be higher, due to the inclusion of higher Armington elasticities, but the

revenue effect is smaller.
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APPENDIX A
Elasticity Parameters

A.1. Choice of Point-Estimates

In all sectors, the elasticity of transformation (between output for
domaestic and export markets) is saet at 5 and the transformation elasticity
(between exports for the EC and non-EC markets) is set at 8. The elasticity of
subatitution between domestic and imported goods (the Armington elasticity) is
set equal to 2 across all sectors, and the substitution elasticity between EC and
non-EC imports is set at S5.! Effects due to the choice of values of these
parameters are traced out in the. next section. Detailed estimates of the
Armington elasticities for the ORANI model of Australia are reported in Dixon,
Parmenter, Sutton, and Vincent ([1982), ranging from 0.34 for oil and coal
products to 6.8 for footwear, however the majority of sectors receive a value of
2. Lacking more specific information about substitutability in Morocco, we cet
this elasticity to 2 for all sectors, but trace out the effects from variations
in its value in the next section. The consumer’s “top level" elasticity of demand
for composite output of the sector is taken to be one for all sectors. Given that
this value, which does not vary in the sensitivity analysis, is less than the
Armington elasticity, imports and domestic goods within a sector may be expected
to be gross substitutes.

The primary factor substitution elasticities are based on the detailed
regression estimates of Harrison, Jones, Kimbell, and Wigle [1991]), and are
listed in Table Al as they apply here. They range from 0.43 for OIL up to 1.99
for services sectors (CON, COM, SRV, and ADM), but the vast majority are close

iThe systematic sensitivity analysis investigates variations in these elasticities based on uniform distributions which have the following range:
between 2.5 and 7.5 for the transformation elasticity between domestic and foreign outputs; between 6.5 and 9.5 for the transformation elasticity
between foreign outputs of different destinations; between 0.5 and 3.5 for the Armington elasticity between imports and domestic output; and
between 2.5 and 7.5 for the Armington elasticity for imponts from different sources.



TABLE A1: Capital-Labor Substitution elasticities

t CER 20 0.95 0.04
It SUG 20 0.95 0.04
I cIT 20 0.95 0.04
VEG 20 0.95 0.04
MAD 20 0.95 0.04
FSH 20 0.95 0.04
FOR 20 0.95 0.04
FOO 20 0.95 0.04
BEV 20 0.95 0.04
OFP 20 0.95 0.04
PHS 14 0.43 0.11
NMM 14 0.43 0.11
MIN 14 0.43 0.11
| CAO 14 0.43 0.1
| OlL 13 0.43 0.09
i ELE B 1.88 0.25
TXT 2 0.93 0.08
CLO 23 1.19 0.03
LEA 31 0.75 0.16
WDN 24,25 0.93 0.10
PAP 26, 27 1.00 0.13
CEM 32 0.96 0.13
IAS 3 0.91 0.24
TEQ 35 1.20 0.09
EEQ 36 0.98 0.03
IND 35 1.20 0.09
MAC 35 1.20 0.09
EMI 39 1.19 0.0
CHM 28 1.01 0.03
RBR 30 0.97 0.08
OTH 39 1.19 0.0
TRD C,D 1.28 0.53
TRN B 1.88 0.25
BNK B 2.06 0.25
INS B 2.06 0.25
CON Nontraded 1.99 0.48
COM Nontraded 1.99 0.3
SRV Nontraded 1.99 0.48
I ADM Nontraded 1.99 0.48

Source: Harrison, Jones, Kimbell, and Wigle [1992).




to‘ unity.

In addition there is an elasticity of substitution between intermediate
inputs and value-added in each sector. The tradition, no doubt born of Input-
Output modelling habits, is to set this elasticity at gzero. We do likewise, but

also congsider values of 0.25, 0.5, 0.75, and 1 (for each sector) in our

sensitivity analysis.
A.2 Bffects of choice of trade elasticities

We trace out the effects on welfare in order to assess the model’s
sensitivity to the choice of value of the Armington elasticity (o,) between goods
from domestic and foreign sources and (oy) beiween EC and ROW sources. These
results are presened in Tables A2,

The welfare effects are v:ry s@2nsitive to variations in the substitution
elasticity between domestic and foreign sources. The welfare effects from the
FTA seimulation, for examples, goes from 1 to 5 percent as the elasticity
increages from 1 to 10. With the exception of ACCESS, the welfare effects are
at least gquadrupled. The sensitivity with respect to the elasticity of
substitution between EC and ROW sources is not that pronounced. The table
illustrates, however, how trade diversion costs become more pronounced with the
value of this elasticity. BAgain ACCESS provides a slight exception due to the
small effects in general.

In summary, the confidence intervals provided by the sensitivity analysis
of the main text provide more reliable estimates of welfare and adjustment
effects than a point estimate. This is especially true due to the sensitivity of
the estimates to the Armington elasticity, and the uncertainty regarding an exact

point estimate.
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TABLE A2: Welfare Effects of variations in elasticities of substitution in demand °

. Table values represent the change in welfare (equivalent variation) as & percentage of GDP. Seo table 2 for an explanation of the
policies.

had o, = the Armington elasticity of substitution between domeatic output and composite imports. 0, = the clasticity of substitution
between imports from differant sources.

Source: Model estimates
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APPENDIX B
Adjustusnts to the Social Accounting Matrix

This appendix doocuments the adjustments to the SAM required to benchmark
the Moroccan SOE sodel, and the extraneous data incorporated. The original SAM
is explained in Mateus et al. (1988].

The 1980 SAN consists of 39 sectors, and all are retained in the SOE model.
14 labor accounts are aggregated into one. Three capital accou.ils are aggregated
into one. One private representative houssehold owns both of these aggregated
production factors, and any ownership by tha government and the enterprise sector
has been transferred into the private household. Final demand by four “true
households" are aggregated into this private representative houasehold. Gove.nmant
demand is oanly for sector Administration (the public sector).

The vector called “"endow" shows consumption of citisens living abroad. We
show this as exports by the banking sector. The tourist account (consumption by
tourists in Morocco) is similarly incorporated into exports.

Saveral input taxes are levied in production. The value-added tax is levied
on both capital and labor as well ss imports of all goods, the socizl-security
tax only on labor, and the corporate tax only on capital. These taxes are all
calculated net of any subsidies. There is also a production subsidy (net of the
excise tax) on output. All these taxes show some variation in collection rates
in the SAM. Lacking more detailed information regarding existing exemptions and
variations in tax collections across sectors we assume that collection rates are
the uniform across sectors for these taxes, however. Therefore ws are able to
isolate resource allocation effects that derive from distortions due to trade
restrictions (assuning that trade taxes do not offset other sectoral
differentials). The income tax is only about 3% and is therefore excluded for
simplicity.

As the SAM is constructed based on data from 1980, before the major
liberalizations were undertaken, we considered it important to establish whether
the structure of the economy had changed dramatically between 1980 and 1991.
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TABLE B1: Comparison of value-added in 1980 and 1991

1980 SAM share

Aggregated sector
Agriculture 20.1 240
Mining 4.8 2.4
Coal and Oil 0.2 0.2
" Refined Oil 0.2 4.6
" Electricity and Water 1.7 3.4
Manufacturing 15.9 22.7
.Trade 15.2 14.2
Transportation and Communication 5.7 7.8
Other Services 36.2 20.6

Table Bl summarizes a description of value-added shares in some aggregatiud
sectors according to the 1980 SAM and official value-added data for 1991. As can
be seen no such dramatic structural changes have occurrad, so we can ratain our
confidence in the results based on the 1980 SANM.

We decided to use 1991 data on tariff rates rather than tariff revenue
collections recorded in the 1980 SAM. The rates we applied are based on the legal
rates from World Bank “Sintia"” trade files based on data provided by the Moroccan
Ministry of External Commerce, adjusted so revenues match the 1991 collected
tariff revenaes. This adjustment to match collections was needed due to the
number of exemptions that exist in tariff collections. We encountered some
problems in the sectoral mapping from the Siatia data base to the 39 sectoral
level of the SAM. We therefore had to turn to auxiliary data for rates on sectors
CIT, FOO and MAC. For all 39 sectors we applied the simple average of the legal
rates reported at the most disaggregated level before adjusting to collection

rates.

We also calibrated the import and export shares by source and destination
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co;antry to 1991 according to the Sintia files. Again, due to mapping
difficulties, we needed to refer to auxiliary data ﬁ!nport%vo'ctoro CIT, FSR, PHS,
F0O, WDN, MAC, ané;;xporv,f::ctorl CER, SUG, CRO, FOO, CENM, ENI, EEQ, MAC, RBR,
as well as exports and! imports for all services sectors are therefore
disaggregated by source and destination country according to the United Nations
database on Direction of Trade (the CONTRADE data base) for 1990.

We decided against inclufing more detail in the model by identifying the
Maghreb and Other Arab countries as separate trading partners due to their
relatively small importance. The Maghreb countries account for 3 and 8%
respectively in imports and exports and corresponding figures for Other Arab
countries are 10 and 3%.

We also decided to adjust the VAT rate to reflect the collections in 1991.
We therefore set the domestic rate to 3% and the rate on imports to 11%. When the
VAT rates are adjusted to keep the government budget balanced through the
counterfactural simulations the domestic and the imported rates are adjusted by
the same proportion. Therefore, as imported rates are higher than domestic rates
in the benchmark they will tend to change by a larger anumber of percentage
points. This reflects the differences in exemptions between imported and
domestically produced commodities. Finallv, the corporation tax (levied on
capital use) of 5 percent reflects the collected rate in 1991.
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APPENDIX C
The Relationship Between the Blasticity of Supply
and the Sector-specific Capital Share

This appendix numerically establishes the relationship between the share
of sector-specific capital in the citrus fruits (CIT) and vegetables (VEG)
sectors and the industry-wide elasticity of supply in these sactors. Our
numerical procedure is as follows. We start with a value of ¢, which is the
elasticity of transformation between output destined for exports or the domestic
market. This value is given in the first column of teble Cl. We first confirm
that the prices of the domestic variants of CIT and VEG decrease in ACCESS (where
their export prices increase) for a situation where the entire capital st.ck in
each gsector is mobile. We then increase the share of the sector-sgpecific capital
stock in the resource sectors in small steps until we encounter a situation where
the domestic price in citrus fruits increases. The critical value of the share
of sector specific capital where the export and domestic varieties are on the
edge of the gross complement-substitute relationship, given the elasticity of
transformation and other parameters of the model, is listed in column 2. As
discussed in the text, we may infer from the relationship in de Melo and Tarr
[(1992), that at the listed value of the share of sector specific capital, ¢ the
elasticity of transformation is approximately equal to ¢, industry elasticity of
supply. With a point estimate of the export transformation elasticity of 5.0, we
would need :. sector specific capital share of at least 37.5 perceant to ensure
that a gross-substitute relationship exists between export and domestic varieties
of citrus fruits. We may infer from table Cl, that (given all the parameters of
the model) if the share of sector specific capital in all resource sectors is

92.5 (45) percent, then the elasticity of supply in citrus fruits is about 1 (4).
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TABLE C1: The Relationship between the Supply Elasticity and the Share of Sector-specific Capital
-~~~ -~
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APPENDIX D
ALGEBRAIC FORMULATION OF THE MNODEL

The model is formulated as a system of nonlinear equations corresponding
to the three classes of equilibrium conditions associated with an Arrow-Debreu
general equilibrium: price-cost relations for producers, supply-demand balance
for commodity and factor markets (including balance of payments), and income-
expenditure balance for domestic consumers and government. In SOE these models
are generated using the GAMS programming language and solved using the modified
Newton (SLCP) algorithm due to Mathiesen [1985]. In this framework a central set
of variables (prices, activity levels and income levels) characterize the

economic equilibrium.

All important notation is summarized in Figure Al,

Technology, Preferences and Market Clearance Conditions

Domestic production is an aggregate of domestic and exported varieties with

A-10
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'mte:mediatg inputs -of ‘good X
ab. iput of 'timary"-;,

Fténéenaiz Notation
a constant elasticity of transformation:

= G0 X) = (apDF% & ap X5 WD 1)
where X, represents a composite export for two or more destinations r:

X, = (E B" x‘("n-l)lv.)c/(c,-l) (2)

A-11



'rh'i.s relationship can be interpreted as implying differences in the technical
processes assocliated with production for domestic and export markets. The
elagticity of transformation defined by ¢ will be lower for goods which are
highly differentiated and higher for goods which are relatively homogeneous. The
specification of this elasticity may be influenced by the intended time frame of
the analysis. In the short-run it is more difficult to transform plants betwaeen
domestic and export oriented products.

Imports from different trading partners trade off with domestic varieties
in intermediate demand, investment demand and final demand. For simplicity (and
due to limitations of data) we assume that the import composition and import-
domestic substitution possibilities in investment, intermediate and final demand
are identical. Under these conditions we can represent inputs as though they were
composed of a single import-domestic aggregate for each commodity. The
aggregation of domestic and. imported varieties is characterized by a nested
constant-elasticity function of domestic and imported goodss

e, )cl('.-l) (3)

S = \Ic,(D,,H,) = ( o D:"-w" + a}&" H:"-w"

where M, represents a composite import from two or more regions r:
=1)s, \s/Gs,~1)
u = (3,8, e "

The market clearance condition for domestic supply balances output from the

Armington aggregation function with intermediate, investment and final demand.

This condition is: .
Sy =Y a¥+ G+ I+ Cy (C))

in which Y, is the activity level of sector j, &, is the input requirements of

good i in sector j, and G, I, and C, are components of final demand associated

with government, investment and final consumption.
Variable inputs to production include primary factors as well as
intermediate inputs of commodities. These are comrined in a linearly homogeneous

nested Leontief-CES form:
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Xy x,,' v, (£) + E. fl:] (%)

u 4y ay 2y

.. where
V‘( fl) = ( Eg Gu f u(a-l)la )ala-l
In this equation x, represents intermediate inputs of good k in sector i, fy is
the variable input of primary factor k in sector i, V() represents the value-
added function for variable factors, £, represents primary factor inputs to
variable cost in sector i, and ff, represents the innut of factor k to the
formation of fixed costs in sector 1, due to the possibility of sector-specific

capital.
Domestic welfare is defined by consumption levels of market goods:

w=U (Cy,...C,) (6)

The current account is balanced at international prices (pf and p¥), taking

into account exogenous capital flows (B):
Ep;"x, +B '2, Ptfmu (7)

The prices which appear in this eguation are exogenous parameters, the
international prices of imports and exports. This constraint has an associsated
variable which is the ®“real exchange rate"”. The model, however, contains no
monetary instruments and determines only relative prices. The exogenous increase
in the export price that represents access to EC markets in our model, is
equivalent to an improvement in this "real exchange rate".

Factor markets always clear with flexible prices:

8
Y £+ £ =5, ®

Income-Expenditure Balance
Consumer income includes primary factor earnings plus foreign capital

inflows less transfers. Final demand is modelled by budget-constrained utility
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maximization by a representative agent. The budget constraint is written:
Y. mC =Y, wE +B - 1,T (9

In this equation w, represents the market price of primary factor k, B represents
the foreign exchange balance and 1T,y T represents the level of lumpsum transfer.

Unlike private households, government demands are held constant in all
simulations. The government budget constraint is accommodated through endogenous
scaling of one of the three government tax instruments so that revenue balances
with expenditure. Government income consists of five components: (i) lumpsum
transfers from households (T), (ii) import tariffs (t;), (iii) value-added taxes
on -factor inputs to production and on imports (¥), (iv) employment and
corporation taxes on factor employment (t,), (v) less production subsidies net

of excise taxes (sf), (vi) less export subsidies (s7). The government budget is:

YmG =TT+ 7]2,,"1 ty £4 + T, E,”c W Ly + Z,P: t, mir
(10)

-5’ (p. D+ pEx) - X of pEx,

In the government budget equation parameters which endogenously adjust to balar-e
income and expenditure are: r, for lumpsum transfers, 7, for factor taxes, and 7,
for value-added taxes. In any given equilibrium only one of these paraneters

departs from the default value of unity.

Price~Cost Balance in Competitive Markets

When technology exhibits constant returns to scale producers price at
marginal cost. In production the marginal cost of supply for sector i (¢) is
defined by:

¥ = 2#,:, +t(1erp) Y ity (11)

The competitive market structure with constant returns to scale technology and
nc barriers to entry drives excess profits to zero. Producers then equate

marginal cost with market price gross of subsidy, providing the following zero

profit condition:
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(1+87) (psDy + PFXy) + pEX8F = €, ¥y (12)

In this equation the £first term represents the value ©of output gross of
production subsidy, and the second term captures the effect of the export
subsidy.

The import aggregation always equates price with marginal cost. This means
that the value of domestic supply equals the cost of domestic inputs plus imports
gross of tariffs and rents:

S, = pD, + E'(lﬂ',t,,) P: o, (13)

Model solver

The model is solved with the MPS/GE scftware developed by Rutherford
[1989), and generated with the GAMS software developed by Brooke, Kendrick, and
Meeraus [1988). For the purposes of this model eome modifications of GAMS have
been included allowing the specification of the MPS/GE format in an index format.

We include an annotated version of this code:

hd MODEL DEFINITION IN MPS/GE VECTOR SYNTAX

SMODEL : MOROCCO

The sectors statement lists all the activities of the model: the utility
aggregator for the consumer (U), the same for the government (G), all production
activities (Y(I)), export activities (X(I)), and import activities (M(I)).

$SECTORS:
U G NVK Y(I) X(I)SEXPORT’I) M(I)SIMPORT(I) A(I)

The commodities on the model include: a utility good for the private consumer
(PU), foreign exchange that translates export revenues into purchasing power for
imports (PFX), an investment good (PNVK), a government consumption good (PG),
factors of production (PF(F)), Armington goods (PA{I)), domestic output goods
(PD(I}), export and import goods (PE(I) and PI(I)).

$COMMODITIES:
PU PFX PNVK PG PF(F)SE(F)
PA(I) PD(I) PE(I)SEXPORT(I) PI(I)$IMPORT(I)

The auxiliary constraints formulates the equal yield constraint tax for the
government.

$SAUXILIARY:
TAU (AUX)
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SCONSUMERS:
REPAGT GOVT

SREPORT:
V:DF(F,I)$DFB(F,1) I:PF(F) PROD:Y(I)
V:DS(I) I:PD(I) PROD:A(I)

Producers demand production factors and Armington intermediate goods and produce
output for domestic and export destinations. The production subsidy applies
independent of destination. Either the VAT or the FACT (taxes on factor
employment) can be used as an equal yield constraint.

" AGGREGATE PRODUCTION:
SPROD:1Y(I) tiETRNDX(I) asESUBKL(I)

0:PD(I) Q:DB(I) P:PYB(I) A:GOVT Ti(=-SP(I))
O:PE(I)SEXPORT(I) Q:XD(I)  P:PYB(I) A:GOVT T:(=-SP(I))

I:PA(J) Q:I0B(J,I)

I:PF(F) Q:DFB(F,I) P:PFB(F,I) a:

+ A:GOVT N:TAU("VAT") MsVATD(I)

+ NiTAU("F") M:FACT(F,I)

The export variety of the good can be exported to different export destinations.
The aggregate export good produced above is the input to this activity. Exports
generate foreign exchange, which quantity depends not only on the quantity of
exports but also on the price received. The transformation effect between export
varieties to different destinations caused by a change in the relative price of
the varieties in captured in the P: field. The good with the higher relative
export price (PX) will tend to become a relatively cheaper contributer to
purchases of foreign exchange than other goods. PXB represents the international
price of exports in the benchmark.

b EXPORT:

$PROD: X (I)$EXPORT(I) tsETRNXX(I)
I:PE(I) Q:XD(I)

O:PFX#(XR) Qi (XB(I,XR)*PX(I,XR))

+ Ps: (PXB(I,XR)/PX(I,XR)) AIGOVT T:(-SX(I,XR)/(1-SX(I,XR)))

Imports are aggregated with a CES function in two steps
* ARMINGTON IMPORT AGGREGATOR:

$SPROD:A(I) s:ESUBDM(I)
O:PA(I) Q:AB(I)

I:PD(I) Q:DB(I)

I:PI(I) Q: (AB(I)~DB(I))

$PROD:M(I)SIMPORT(I) s:ESUBMM(I)
O:PI(I) Qi (AB(I)-DB(I))

I:PFX#(MR) Qt (MB(I,MR)*PM(I,MR)) P (PMB(I,MR)/PM(I,MR))

+ A:GOVT T:T(I,MR) N:TAU("VAT") Ms:((1+T(I,MR))*VATI(I))
+ A:REPAGT T:NTB(I,MR)

The private consumer utility aggregator is a Cobb-Douglas function.
* COBB-DOUGLAS UTILITY:
$PROD:U s8:1

O:PU Q:UB
I:PA(I) Q:CF(I)
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Tﬁa government consumption aggregator assumes no substitutability between goods
demanded

* GOVERNMENT CONSUMPTION:
SPROD:G

0:PG Q: (SUM(I, GB(I)))
IsPA(I) Q:GB(I)

Neither does the aggregation of the investment good

* CAPITAL FORMATION:
$PROD :NVK

03 PNVK Q: (SUM(X, IB(I)))
I:PA(I) Q:IB(I)

Domestic consumer and government endowments (E:) and expenditures (D:).
* DOMESTIC CONSUMER:

SDEMAND : REPAGT

E:PF(F) Q:E(F)

E:PA(I) Q:EN(I)

E:PNVK Q3 (~-SUM(I, IB(I)))
E:PFX Q:BOPDEF

E:PG Q:(-GOVDEF)

EtPU Q:~1 R:TAU("LS")
E:PU Q:1 R:TAU("LO")
D:PU Q:UB

* GOVERNMENT AGENT:

SDEMAND : GOVT

E:PG Q:GOVDEF

E:PU 0Q:1 R:TAU("LS")
E:PU Q:=-1 R:TAU("LO")
D:PG )

* AUXILIARY CONSTRAINTS DETERMINE LEVELS OF FACTOR OR LUMPSUM
* TAXATION, DEPENDING ON WHICH INSTRUMENT IS USED TO ACHIEVE
* EQUAL YIELD:

SCONSTRAINT: TAU("F" ) SENDOG ("FACT",SC)
Z:G
K:-1

SCONSTRAINT: TAU("F")$ (NOT ENDOG("FACT",SC))
Z:TAU("F")
K:=1

SCONSTRAINT:TAU("VAT") SENDOG("VAT",SC)
Z:G
K:~-1

SCONSTRAINT:TAU("VAT") $ (NOT ENDOG("VAT",SC))
2:TAU("VAT")
s=-1

SCONSTRAINT:TAU("LS") SENDOG( "LUMPSUM", SC)

2:G
Ks—-1
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$CONSTRAINT: TAU("LS")$(NOT ENDOG("LUMPSUM",SC))
Ki:=1 Z:TAU("LS")

$CONSTRAINT: TAU("LO")
K:1
K:~1 2:G

ADDITIONAL REFERENCES APPENDIX D
Mathieson, Lars, "Computation of Economic Equilibria by a Sequence of Linear

Complementarity Problems”, Mathematical Programming Study 23 (amsterdams
North-Holland, 1985).
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